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1
IMAGERS WITH IMPROVED
ANALOG-TO-DIGITAL CIRCUITRY

This application claims the benefit of provisional patent
application No. 61/843,820, filed Jul. 8, 2013 which is hereby
incorporated by reference herein in its entirety.

BACKGROUND

This relates generally to imaging systems, and more par-
ticularly to imaging systems with analog-to-digital converter
circuitry.

Modern electronic devices such as cellular telephones,
cameras, and computers often use digital image sensors.
Imagers (i.e., image sensors) may be formed from a two-
dimensional array of image sensing pixels. Each pixel
receives incident photons (light) and converts the photons
into electrical signals. Image sensors are sometimes designed
to provide images to electronic devices using a Joint Photo-
graphic Experts Group (JPEG) format.

Analog pixel output signals from the image sensing pixels
can be sampled using separate sample-and-hold circuitry that
is coupled to the pixels. The sample-and-hold circuitry
includes capacitors on which the pixel reset level and the pixel
signal level are sampled and are then provided to a compara-
tor. A ramp voltage is applied to the pixel signal level until the
pixel signal level reaches the pixel reset level and the com-
parator output inverts. During the application of the ramp
voltage, a counter is used to count how much time passes
between application of the ramp voltage and the inversion of
the comparator output.

Conventional ramp circuitry applies the ramp voltage to a
capacitor at the input of the comparator of the sample-and-
hold circuitry. However, such an arrangement requires a high
pixel supply voltage in order to support a wide range of pixel
output signals sampled onto the capacitor (e.g., sufficient to
support the well capacity of the pixel). The capacitor is
required to have a capacitance sufficient to satisfy noise
requirements such as a maximum amount of thermal (k*T/C)
noise, which in turn requires the ramp circuitry to have high
driving capability for driving the large capacitor. Conven-
tional capacitors used in ramp circuitry can be hundreds of
femtofarads (fF). The large sample-and-hold capacitor also
occupies valuable circuit area of the imager. In addition, the
pixel array is typically read by scanning pixel rows in sequen-
tial order. This sequential scanning can lead to row-dependent
noise in the image output signals of the pixel array. For
example, transient noise in a power supply signal is consistent
throughout the pixels of a row but varies between rows. It
would therefore be desirable to provide imagers with
improved pixel readout and analog-to-digital conversion
capabilities.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustrative schematic diagram of an electronic
device with a camera sensor that may include pixels with
improved pixel readout capabilities in accordance with an
embodiment of the present invention.

FIG. 2 is a block diagram of an imager employing pixels
with improved pixel readout capabilities in accordance with
an embodiment of the present invention.

FIG. 3 is a circuit diagram of a portion of an imager includ-
ing a pixel that receives a ramp signal at a floating diffusion
region in accordance with an embodiment of the present
invention.
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FIG. 4 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 3 in accordance
with an embodiment of the present invention.

FIG. 5 is a circuit diagram of a portion of an imager includ-
ing a pixel that receives a ramp signal at a floating diffusion
region and is selectively enabled using a reset transistor in
accordance with an embodiment of the present invention.

FIG. 6 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 5 in accordance
with an embodiment of the present invention.

FIG. 7 is a circuit diagram of a portion of an imager includ-
ing a pixel that is provided with a ramp signal via a path
extending vertically across the imager in accordance with an
embodiment of the present invention.

FIG. 8 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 7 in accordance
with an embodiment of the present invention.

FIG. 9 is a circuit diagram of a portion of an imager includ-
ing a pixel that is provided with a ramp signal via a path
extending vertically across the imager and including row
select transistors that share a row select signal in accordance
with an embodiment of the present invention.

FIG. 10 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 9 in accordance
with an embodiment of the present invention.

FIG. 11 is a circuit diagram of a portion of an imager
including a pixel that is provided with a ramp signal via a path
extending vertically across the imager and with only one row
select transistor coupled to a source-follower transistor in
accordance with an embodiment of the present invention.

FIG. 12 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 11 in accordance
with an embodiment of the present invention.

FIG. 13 is a circuit diagram of a portion of an imager
including a pixel that is provided with a ramp signal via a path
extending vertically across the imager and with only one row
select transistor coupled to ramp circuitry in accordance with
an embodiment of the present invention.

FIG. 14 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 13 in accordance
with an embodiment of the present invention.

FIG. 15 is a circuit diagram of a portion of an imager
including a pixel that is provided with a ramp signal and
comparator circuitry that shares a portion of the pixel cir-
cuitry in accordance with an embodiment of the present
invention.

FIG. 16 is a timing diagram of pixel readout operations that
may be performed using the pixel of FIG. 15 in accordance
with an embodiment of the present invention.

FIG. 17 is a block diagram of a processor system employ-
ing the imager of FIG. 2 in accordance with an embodiment of
the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention relate to image sen-
sors with improved readout capabilities. An electronic device
with a digital camera module is shown in FIG. 1. Electronic
device 10 may be a digital camera, a computer, a cellular
telephone, a medical device, or other electronic device. Cam-
era module 12 may include image sensor 14 and one or more
lenses. During operation, the lenses focus light onto image
sensor 14. Image sensor 14 includes photosensitive elements
(e.g., pixels) that convert the light into digital data. Image
sensors may have any number of pixels (e.g., hundreds, thou-
sands, millions, or more). A typical image sensor may, for
example, have millions of pixels (e.g., megapixels). As
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examples, image sensor 14 may include bias circuitry (e.g.,
source follower load circuits), sample and hold circuitry, cor-
related double sampling (CDS) circuitry, amplifier circuitry,
analog-to-digital (ADC) converter circuitry, data output cir-
cuitry, memory (e.g., buffer circuitry), address circuitry, etc.

Still and video image data from camera sensor 14 may be
provided to image processing and data formatting circuitry 16
via path 26. Image processing and data formatting circuitry
16 may be used to perform image processing functions such
as three-dimensional depth sensing, data formatting, adjust-
ing white balance and exposure, implementing video image
stabilization, face detection, etc. Image processing and data
formatting circuitry 16 may also be used to compress raw
camera image files if desired (e.g., to Joint Photographic
Experts Group or JPEG format). In a typical arrangement,
which is sometimes referred to as a system on chip (SOC)
arrangement, camera sensor 14 and image processing and
data formatting circuitry 16 are implemented on a common
integrated circuit. The use of a single integrated circuit to
implement camera sensor 14 and image processing and data
formatting circuitry 16 can help to reduce costs.

Camera module 12 may convey acquired image data to host
subsystems 20 over path 18 (e.g., image processing and data
formatting circuitry 16 may convey image data to subsystems
20). Electronic device 10 typically provides a user with
numerous high-level functions. In a computer or advanced
cellular telephone, for example, a user may be provided with
the ability to run user applications. To implement these func-
tions, host subsystem 20 of electronic device 10 may include
storage and processing circuitry 24 and input-output devices
22 such as keypads, input-output ports, joysticks, and dis-
plays. Storage and processing circuitry 24 may include vola-
tile and nonvolatile memory (e.g., random-access memory,
flash memory, hard drives, solid state drives, etc.). Storage
and processing circuitry 24 may also include microproces-
sors, microcontrollers, digital signal processors, application
specific integrated circuits, or other processing circuits.

FIG. 2 illustrates a simplified block diagram of an imager
14, for example a CMOS imager, employing a pixel array 101
with pixels having improved analog-to-digital conversion
capabilities. Pixel array 101 includes an array of pixels 120
arranged in a predetermined number of columns and rows.
The row lines are selectively activated by the row driver 102
in response to row address decoder 103 and the column select
lines are selectively activated by the column driver 104 in
response to column address decoder 105. Thus, a row and
column address is provided for each pixel.

Imager 14 is operated by a timing and control circuit 106,
which controls decoders 103 and 105 for selecting the appro-
priate row and column lines for pixel readout, and row and
column driver circuitry 102, 104, which apply driving volt-
ages to the drive transistors of the selected row and column
lines. The pixel signals, which typically include a pixel reset
signal Vrst and a pixel image signal Vsig for each pixel (or
each photosensitive region of each pixel) are sampled by
sample and hold circuitry 107A associated with the column
driver 104 and sample and hold circuitry 107B within pixel
array 101 (e.g., sample and hold circuitry 107B may include
portions of each pixel). A differential signal Vrst-Vsig is
produced for each pixel (or each photosensitive area of each
pixel), which is amplified by an amplifier 108 and digitized by
analog-to-digital converter 109. The analog to digital con-
verter 109 converts the analog pixel signals to digital signals,
which are fed to an image processor 310 which forms a digital
image. Image processor 310 may, for example, be provided as
part of image processing and data formatting circuitry 16 of
FIG. 1.
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FIG. 3 is a diagram of an illustrative portion of pixel array
101 including a pixel 120 and associated readout circuitry. As
shown in FIG. 3, pixel 120 may include a photodiode D1 that
is coupled to floating diffusion region FD by transfer gate M1
(e.g., a transistor pass gate) that is controlled by signal TX.
Floating diffusion region FD may be coupled to pixel supply
voltage VAA by reset transistor M2 that is controlled by reset
signal RST. Pixel charge may be stored on capacitor C1
coupled between floating diffusion region C1 and ground.
Capacitor C1 may be a discrete capacitor component or may
be formed from parasitic capacitances such as associated with
the gate of transistor M3. Pixel 120 may include a capacitor
C6 through which a ramp signal is applied to floating diffu-
sion region FD.

Floating diffusion region FD may be coupled to pixel col-
umn path 122 via transistor M3 that forms a source-follower
amplifier and row select transistor M4 controlled by row
select control signal RS. Pixel column path 122 may serve as
a pixel output node shared by the pixels of a column of the
array. Column driver circuitry such as column driver 104 of
FIG. 2 may supply bias current I1 to column path 122.

During pixel readout operations, the output signal PIX-
OUT of pixel 120 may be provided to comparator CMP (e.g.,
PIXOUT may be equivalent to Vsig provided to amplifier 108
of FIG. 2). Comparator CMP may have a first (e.g., positive)
input 124 and a second (e.g., negative input) 126. A negative
feedback path 130 may be coupled from the output of com-
parator CMP to negative input 126. Negative feedback path
130 may include switch 128 (e.g., a transistor) that is con-
trolled by signal AZ. Sample and hold circuitry 107A in the
negative feedback path such as capacitor C7 and switch 128
may be used to store signal VN that is supplied to comparator
input 126. Signal VN may, for example, be equivalent to
sample and hold reset signal Vrst of FIG. 2. Capacitor C7 may
be coupled between comparator input 126 and a ground ter-
minal. Output VOUT of comparator CMP may be provided to
analog-to-digital (ADC) circuitry 109. ADC circuitry 109
may include a counter 132 that can be used along with com-
parator CMP during analog-to-digital conversion operations.

As shown in FIG. 3, it is not necessary to provide a capaci-
tor to sample signals at the input of comparator CMP. Sample
and hold circuitry 107B within pixel 120 may be used in
combination with sample and hold circuitry 107 A to perform
sample and hold operations. Sample and hold circuitry 107B
may receive ramp signal VR from ramp circuitry 136 via path
134 in performing sample and hold operations. Ramp cir-
cuitry 136 may be formed as part of pixel array 101 or may be
included in row driver circuitry such as row driver circuitry
102 of FIG. 2. Ramp signal path 134 may extend across the
row of pixel 120 (e.g., signal path 134 may be coupled to and
provide ramp signal VR to each pixel of the row).

FIG. 4 is a timing diagram of illustrative read-out opera-
tions that may be performed using pixel 120 and associated
read-out circuitry such as comparator CMP and ADC cir-
cuitry 109 of FIG. 3. Readout operations may be performed
between times T0 and T5 during which row select signal RS
is asserted for pixel 120. At initial time T0, row select signal
RS may be asserted for pixel 120 and other pixels of the same
row. At time T1, reset signal RST for resetting the pixel may
be pulsed, which temporarily enables transistor M2 and helps
to ensure that floating diffusion region FD is initialized to
supply voltage VAA. Voltage VN on capacitor C7 may also be
reset by pulsing signal AZ, which temporarily enables switch
128 and stores a voltage corresponding to the pixel reset level
attime T1A (e.g., Vrst of FIG. 2). In other words, an auto-zero
operation may be performed to calibrate signal VN provided
to comparator CMP by performing a sample and hold reset
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operation. Signal AZ may be provided by row control cir-
cuitry such as row driver 102 of FIG. 2.

At time T2, control signal TX may be pulsed, which tem-
porarily enables transfer gate M1, which transfers integrated
charge from photodiode D1 to floating diffusion region FD.
As a result, the voltage levels at floating diffusion region FD
and pixel output voltage PIXOUT drop by an amount corre-
sponding to the amount of charge transferred (e.g., reflecting
the amount of charge accumulated by photodiode D1 during
an exposure period).

Attime T3, ramp circuitry 136 may apply a ramp signal VR
to path 134 that increases in voltage at a predetermined rate
(e.g., starting from zero volts or a pixel ground voltage). The
ramp signal is passed to floating diffusion region FD by
capacitor C6. In other words, the voltage levels at floating
diffusion region FD and pixel output signal PIXOUT increase
at the predetermined rate. At time T3, ADC circuitry 109 may
activate (enable) counter 132 that counts while the ramp
signal is supplied. At time T4, the voltage of pixel output
signal PIXOUT matches the voltage of signal VN (i.e., the
pixel output reset value sampled at time T1A). At time T4,
output VOUT of comparator CMP inverts and is used to latch
the count of counter 132. The latched count of counter 132
reflects the amount of integrated charge transferred from pho-
todiode D1 to floating diffusion region D1 and may be used as
the output of ADC circuitry 109 (e.g., provided to image
processor 110 of FIG. 2).

In arrangements in which ramp signal VR is supplied to
floating diffusion FD, pixel supply voltage VAA can be
reduced, because it is not necessary for pixel output signal
PIXOUT to support a full range of voltages. Capacitor C6
used to help store accumulated photodiode charge and convey
ramp signal VR can be relatively small (e.g., one femtofarad,
several femtofarads such as two or three femtofarads, etc.),
which helps to reduce the capacitive load to the ramp circuitry
136. Readout circuitry area is also reduced because it is not
necessary to include sample and hold circuitry at input 124 of
comparator CMP (e.g., because ramp signal VR is applied to
floating diffusion region FD). Row-dependent noise may be
reduced, because no sample and hold operations are per-
formed across entire rows of pixels at inputs 124 of compara-
tors.

If desired, row select transistor M4 may be omitted as
shown in FIG. 5. In the example of FIG. 5, supply circuitry
152 may provide a control signal RSTD to a source-drain
terminal of transistor M2. Supply circuitry 152 may be
formed as part of pixel array 101 or may be implemented
separately (e.g., as part of row driver circuitry 102 of FIG. 2).

Control signal RSTD and reset signal RST may be used to
selectively enable and disable source-follower transistor M3.
Between times T0 and T6, supply circuitry 152 may provide
supply voltage VAA as signal RSTD, which enables the
operation of pixel reset (e.g., operations substantially similar
to operations of FIG. 4). Attime T6 after reset signal RST has
been de-asserted, signal RSTD may be de-asserted. To dis-
able pixel 120, supply circuitry 152 may supply a low voltage
as RSTD, subsequently pulse RST to allow the low RSTD
voltage to pass to floating diffusion region FD and disable
transistor M3 (e.g., the low voltage is less than the threshold
or on-voltage of transistor M3). If desired, pixel enabling and
disabling operations using signal RSTD may be performed
row-wide to operate pixel array 101 similarly to arrangements
having a row select transistor M4. In other words, supply
circuitry 152 may supply an RSTD signal for each row and
the RSTD signal for a given row is provided to all pixels in
that given row.
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The example of FIGS. 3 and 5 in which ramp signal VR is
provided to floating diffusion regions FD across a row of
pixels is merely illustrative. As shown in FIG. 7, ramp signal
VR may be provided along vertical path 162. Vertical path
162 may be coupled to floating diffusion regions FD of each
pixel of a column of pixels. Each vertical path may be coupled
to a respective diffusion region FD by capacitor C6 and row
select transistor M5. Different pixel columns may be pro-
vided with respective ramp signals via different paths 162.
Ramp signal VR may be generated for each row by ramp
circuitry similar to ramp circuitry 136 of FIG. 3.

Inthe example of FIG. 7, row select transistors M4 and M5
are provided with respective row select signals RS1 and RS2.
As shown in the timing diagram of FIG. 8, row select transis-
tors RS1 and RS2 may be asserted to enable row select tran-
sistors M4 and M5 during readout operations of pixel 120
between times T0 and T5 (e.g., readout operations similar to
FIG. 4) and may be deasserted to disable row select transistors
M4 and M5 when not performing readout of pixel 120.

The example of FIG. 7 in which row select transistors M4
and M5 are provided with respective row select signals is
merely illustrative. If desired, the gates of transistors M4 and
MS may each be provided with shared row select signal RS as
shown in FIG. 9. As shown in the timing diagram of FIG. 10,
readout operations of pixel 120 with shared row select signal
RS may be similar to readout operations of FIG. 4.

If desired, a portion of row select transistors of each pixel
120 may be omitted. In the example of FIG. 11, row select
transistor M5 of FIG. 9 that is coupled between capacitor C6
and ramp signal path 162 is omitted and only row select
transistor M4 is used. In other words, capacitor C6 may
directly receive ramp signal VR and pass ramp signal VR to
floating diffusion region FD during readout operations. As
shown by the timing diagram of FIG. 12, row select transistor
M4 may be controlled using row select signal RS to enable
pixel readout operations between times T0 and T5 similarly to
pixel readout operations of FIG. 4.

Inthe example of FIG. 13, row select transistor M4 may be
omitted similarly to FIG. 5 while maintaining only row select
transistor M5. As shown in FIG. 13, supply circuitry 152 may
supply signal RSTD to a source-drain terminal of reset tran-
sistor M2 that, in combination with reset signal RST, selec-
tively enables or disables source-follower transistor M3. Row
select transistor M5 may provide additional control over pixel
readout operations (e.g., row select signal RS may control
row select transistor M5 similarly as row select signal RS2 of
FIG. 7 controls transistor M5). As shown in the timing dia-
gram of FIG. 14, row select signal RS may be asserted
between times T0 and T5 (e.g., similar to signal RS2 of FIG.
7) and signal RSTD may be supplied between times T0 and
Té6 (e.g., similar to FIG. 6) to control pixel readout operations
of pixel 120 of FIG. 13.

Comparators such as comparator CMP of FIG. 3 may be
implemented using a differential pair amplifier in which a
differential pair of transistors receives a differential input
signal (e.g., a differential input signal formed between PIX-
OUT and VN). The differential input signal is amplified to
produce an amplifier output signal such as VOUT. FIG. 15 is
a diagram of an illustrative portion of a pixel array 101 in
which a portion of pixel 120 is used to implement a portion of
a differential amplifier that serves as comparator CMP. In
other words, pixel 120 and differential amplifier CMP may
overlap and share resources, which may help to reduce circuit
area and cost.

As shown in FIG. 15, transistors M3 and M6 serve as a
differential pair of transistors. The transistor gate of transistor
M3 receives the pixel signal at floating diffusion node FD,
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whereas the gate of transistor M6 receives signal VN. The
difference in voltage between the pixel signal at the input gate
transistor M3 and signal VN at the input gate of transistor M6
may be amplified to produce output signal VOUT. In this
scenario, current I1 supplied by column driver circuitry may
be used in biasing transistors M3 and M6 at a desired oper-
ating point (e.g., for desired amplifier gain).

Use of source-follower transistor M3 as a portion of com-
parator CMP helps to reduce circuit area (e.g., because it is
not necessary to provide two or more additional transistors in
implementing comparator CMP) without substantially alter-
ing readout operations of pixel 120. As shown in FIG. 16,
pixel readout operations between times T0 and T5 for a pixel
that shares circuitry with a comparator may be substantially
similar to readout operations of FIG. 4 for a pixel with com-
parator circuitry that is separate from and does not include
any portions of pixel 120.

Column-dependency of pixel noise can result in visual
artifacts that may be detectable by human eyes. Use of shared
circuitry between pixels and comparator circuitry helps to
reduce column-dependency of pixel output signals. For
example, noise associated with comparator CMP is column-
dependent because each column is provided with a respective
comparator CMP. The column-dependent noise contributed
by comparator CMP is reduced because a portion of com-
parator CMP is implemented within individual pixels and is
no longer column-dependent.

FIG. 17 is a simplified diagram of an illustrative processor
system 400, such as a digital camera, which includes an
imaging device 12 (e.g., the camera module of FIG. 1)
employing an imager having pixels with improved pixel read-
out and analog-to-digital conversion capabilities as described
above. The processor system 400 is exemplary of a system
having digital circuits that could include imaging device 12.
Without being limiting, such a system could include a com-
puter system, still or video camera system, scanner, machine
vision system, vehicle navigation system, video phone, sur-
veillance system, auto focus system, star tracker system,
motion detection system, image stabilization system, and
other systems employing an imaging device.

Processor system 400, for example a digital still or video
camera system, generally includes a lens 202 for focusing an
image on pixel array 101 when a shutter release button 497 is
pressed, central processing unit (CPU) 495, such as a micro-
processor which controls camera and one or more image flow
functions, which communicates with one or more input/out-
put (I/0) devices 491 over a bus 493. Imaging device 12 also
communicates with CPU 495 over bus 493. System 400 also
includes random access memory (RAM) 492 and can option-
ally include removable memory 494, such as flash memory,
which also communicates with CPU 495 over the bus 493.
Imaging device 12 may be combined with the CPU, with or
without memory storage on a single integrated circuit or on a
different chip. Although bus 493 is illustrated as a single bus,
it may be one or more busses, bridges or other communication
paths used to interconnect system components of system 400.

Various embodiments have been described illustrating
imagers with pixels having improved pixel readout and ana-
log-to-digital conversion capabilities.

An imager may include an array of pixels. The pixel array
may be arranged in rows and columns. Each pixel of the pixel
array may include a photodiode that is coupled to a floating
diffusion region by a transfer gate. A source-follower transis-
tor may be coupled between the floating diffusion region and
a pixel output node (e.g., a column interconnect that is
coupled to each pixel of a column and serves as a pixel output
node for each pixel of the column). The imager may include
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ramp circuitry that provides a ramp signal to the floating
diffusion region. A capacitor interposed between the ramp
circuitry and the floating diffusion region may be used in
conveying the ramp signal to the floating diffusion region.

The pixel array may include a comparator having first and
second inputs and a comparator output. The first input may be
coupled to the pixel output node and receive a pixel output
signal. The comparator output may be coupled to the second
input via a negative feedback path. The negative feedback
path may include a switch that is interposed between the
second input and the comparator output. A capacitor may be
coupled between the second input and the ground terminal
and may be used in temporarily storing a reset value of the
pixel. The comparator and the ramp signal provided to the
floating diffusion region may be used in performing analog-
to-digital conversion of charge accumulated by the photo-
diode. Analog-to-digital circuitry such as a counter may be
coupled to the comparator output.

A comparator may be provided for each pixel of the pixel
array. The comparator for each pixel may be implemented
using separate circuitry or may include portions of that pixel.
The comparator may include a differential pair of transistors.
The source-follower transistor of the corresponding pixel
may serve as a transistor of the differential pair.

Each pixel may include a reset transistor that is coupled
between the floating diffusion region of that pixel and supply
circuitry. The reset transistor may receive a reset signal at a
transistor gate and may receive a supply voltage from the
supply circuitry. If desired, the supply circuitry may be used
in selectively enabling and disabling the source-follower
transistor by controlling the supply voltage (e.g., the supply
voltage may serve as a control signal).

The foregoing is merely illustrative of the principles of this
invention and various modifications can be made by those
skilled in the art without departing from the scope and spirit of
the invention.

What is claimed is:

1. A pixel array, comprising:

an imaging pixel having a floating diffusion region; and

ramp circuitry that provides a ramp signal to the floating

diffusion region of the imaging pixel, wherein the imag-
ing pixel comprises

a photodiode;

a transfer gate that is coupled between the photodiode and

the floating diffusion region;

a source-follower transistor having a gate terminal coupled

to the floating diffusion region;

supply circuitry;

a row select transistor coupled between the ramp circuitry

and the floating diffusion region; and

a reset transistor coupled between the floating diffusion

region and the supply circuitry wherein the reset tran-
sistor has a gate terminal that receives a reset signal,
wherein the supply circuitry provides a control signal to
a source-drain terminal of the reset transistor, and
wherein the reset transistor uses the reset signal and the
control signal to selectively enable and disable the
source-follower transistor.

2. The pixel array defined in claim 1 further comprising a
capacitor thatis coupled between the floating diffusion region
and a signal path that is coupled to the ramp circuitry, wherein
the ramp signal is conveyed over the capacitor and the signal
path to the floating diffusion region of the imaging pixel.

3. The pixel array defined in claim 2 wherein the image
pixel comprises a given image pixel of a plurality of image
pixels arranged in rows and columns.
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4. The pixel array defined in claim 3 wherein the signal path
extends across a given row of the plurality of image pixels.

5. The pixel array defined in claim 3 wherein the signal path
extends across a given column of the plurality of image pix-
els.

6. The pixel array defined in claim 2 wherein the imaging
pixel further comprises:

a differential pair of transistors that forms a comparator,
wherein a given transistor of the differential pair is
coupled to the floating diffusion region and serves as a
source-follower amplifier for the image pixel.

7. The pixel array defined in claim 1 further comprising a
comparator that receives a pixel output signal of the imaging
pixel.

8. The pixel array defined in claim 7 wherein the compara-
tor comprises:

a comparator output that provides a comparator output

signal;

a first input that receives the pixel output signal; and

a second input that is coupled to the comparator output by
a feedback path.

9. The pixel array defined in claim 8 wherein the feedback
path comprises a switch that is interposed between the second
input and the comparator output.

10. The pixel array defined in claim 9 further comprising a
capacitor coupled between the second input and a ground
terminal.

11. The pixel array defined in claim 10 further comprising:

analog-to-digital circuitry that is coupled to the comparator
output.

12. An image pixel, comprising:

a photodiode;

atransfer gate that is coupled between the photodiode and
a floating diffusion region;

a source-follower transistor coupled to the floating diffu-
sion region;

a capacitor coupled between the floating diffusion region
and a ramp signal path; and

a row select transistor having a first source-drain terminal
coupled to the ramp signal path and a second source-
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drain terminal coupled to the capacitor, wherein the row
select transistor is coupled between the ramp signal path
and the floating diffusion region.

13. The image pixel defined in claim 12 further compris-
ing:

an additional row select transistor that is coupled between

a source-drain terminal of the source-follower transistor
and an image pixel output.

14. The image pixel defined in claim 13, wherein a gate
terminal of the row select transistor and a gate terminal of the
additional row select transistor are both coupled to a single
control line.

15. A system, comprising:

a central processing unit;

memory;

input-output circuitry; and

an imaging device, wherein the imaging device comprises:

a pixel array;

ramp circuitry that produces at least one ramp signal; and

a lens that focuses an image on the pixel array, wherein

each pixel of the pixel array comprises:

a photodiode;

a storage node that stores charge collected by the photo-

diode and receives the ramp signal;

a source-follower transistor coupled between the storage

node and a pixel output;

a capacitor coupled between the storage node and the ramp

circuitry; and

a row select transistor having a first source-drain terminal

coupled to the ramp circuitry and a second source-drain
terminal coupled to the capacitor, wherein the row select
transistor is coupled between the ramp circuitry and the
storage node.

16. The system defined in claim 15 wherein the pixel array
is arranged in rows and columns and wherein the ramp cir-
cuitry provides a respective ramp signal for each row of the
pixel array.



